Modern industries strive to improve the quality of their product by choosing proper materials and methods. Selection of materials of high strength to weight ratio like aluminum and setting of optimum machining parameters ensures the desired quality of product at affordable cost. Industries look for high productivity and better surface finish in machining operations which depends on process parameters. In this article the process parameters such as feed rate, cutting speed and depth of cut are selected to optimize the material removal rate in turning of Al-6061. The analysis is carried out using signal to noise ratio for predicting optimum process parameters. The effect of process parameters on material removal is discussed in this article.
Introduction
Aluminium used in variety of applications such as automobile and aerospace components, missile parts, storage containers, marine applications, etc. This being a light weight material possesses excellentcorrosion resistance, thermal and mechanical properties, has replaced steel in many engineering applications. Its high strength to weight ratio and low specific cutting energy (0.4 -1.1 Ws/mm 3 ) has made this material as the best in automobile industry. Al 6061 is heat treatable material which has gained importance in the manufacturing industries.In this view there Confidence interval Effective sample size have been many attempts by researchers to optimize the manufacturing process either by improving the composition of the material or by selecting proper process parameters for machining. Machinability is the ease with which the material is machined. The performance measure of machinability includes MRR, specific energy consumption, surface finish, tool life and chip flow pattern (Songmene et. al, 2011) . To enhance certain properties aluminum is alloyed with copper, manganese, silicon, magnesium, zinc, etc. Aluminium alloys with magnesium and silicon are designated by 6XXX series. Al6061 has excellent mechanical properties and corrosion resistance (Xuewu Lia,2015) . It also exhibits good weldability (Omega Research, 2002) . There are cited literatures on optimization of the machining parameters which has the focus on surface roughness. The effect of process parameter like cutting speed, feed rate, depth of cut, amount of lubrication, type of tool, tool overhang and ageing of work material are investigated. The surface integrity effects of turned Al 6061 and Al6061-T6 is studied by Tohet. al. (2004) . Sreejith (2008) found that machining with minimum quantity lubricant improved machinability compared with dry or flooded lubricant machining. Mukesh Kumar et. al. (2009) studied the effect of speed, feed rate and depth of cut using a coated carbide tool on Al6061-t4. HalilDemir et al (2009) investigated the effect of artificial ageing of aluminum on the surface finish of Al6061. Authors have reported the effect of ageing and cutting speed on the surface roughness. Optimization of cutting parameters was made by Carmita (2013) to minimize the energy consumption in turning process. Higher feed rate was found to reduce energy consumptionbut it increased the surface roughness. The influence of tool overhang on surface roughness was studied by Vinod et. al. (2014) . The authors have reported that too small or too large overhang lead to poor surface finish. If the surface finish is within the acceptable range, it is desirable to improve the production rate by increasing MRR. In consideration of these factors, the present work attempts to optimize the process parameters to improve the MRR and hence productivity. Figure 1 shows the experimental setup used in the present work. Al6061 work pieces of diameter 40 mm and length 150 mm were used in the experiments. The cutting tool used is SiC insert. Al6061 contains 95% Al along with the traces of other elements like Fe, Si, Cu, Mn, Mg, Cr, Ti and Zn. Figure 2 shows the sample work pieces machined.The process parameters such as cutting speed, feed and depth of cut were chosen with each parameter having three levels as shown in the Table 1 . Settings for levels of each process parameter is chosen based on the pilot study. For the present experimental condition the best suitable design is Taguchi's L 9 orthogonal array which is shown in Table 2 . Taguchi's orthogonal array enables the researchers to conduct the minimum number of experiments by optimum use of resources. Experiments were conducted with two replications with the supply of coolant SAE 40. The material MRR obtained in each run is determined by the weight loss method and corresponding values of MRR are shown in Table 2 . The analysis is carried out using S/N ratio for Higher the Better (HB) criteria using the formula as given below. The SN ratio obtained in each run is also shown in Table 2 .The experimental results were analyzed using Signal to Noise ratio with the Higher the Better criteria as given by the equation (1).The relative effect of each process parameter is analyzed by Analysis of Variance (ANOVA). 
Experimental set up and methods

Results and discussion
The analysis of effect of operating parameters on MRR using S/N ratio
The present work investigates the effect of operating parameters such as cutting speed, feed rate and depth of cut. Table 2 shows the results of the replicated response in each trial. To assess the variability of the response, the analysis is carried out by S/N ratio using larger the better criteria. The effect of each process parameter at different levels is calculated using S/N ratio and is shown in Table 3 . The effect of each factor on the response is also shown in the form of delta statistics in the same table. Based on the delta values the ranks are assigned to the factors in the ascending order of their influence. Among the chosen machining parameters, cutting speed, feed rate and depth of cut, the maximumSN ratio is seen for feed rate. This indicates that feed rate is the most predominant factor in MRR followed by depth of cut and the cutting speed. From the Table 3 it is seen that optimum combination of the process parameters to increase the MRR are A 3 B 3 C 3 . Figure 3 shows the main effect plot of SN ratio for MRR as response. It is seen from the plot that higher MRR is obtained at the process settings, cutting speed 429 m/min, Feed 0.15 mm/rev and depth of cut 2 mm. This combination of process parameter produces maximum SN ratio and hence the settings can be considered as optimum settings to the process parameters.Further, relative effect of each process parameter is determined by the Analysis of Variance (ANOVA) which is a statistical technique. In this technique the total variability of the response is separated with respect to individual contributions of each of the factors and the error. Table 4 shows the ANOVA values for the experimental results. The significance of the effect of each factor is evaluated using F test at 95 % confidence level. It is seen that F values of the all chosen process parameters are higher than the F critical values from the standard table. Hence all the chosen process parameters are considered as significantly affecting process parameters which have their influence on the material removal rate. Figure 4 -6 shows the combined effect of process parameters on the MRR. As seen from the Figure 4 , higher MRR is found to be produced at the settings of level 3 to both feed rate and the cutting speed. Further increase in these parameters increases the MRR almost linearly. The effect of feed rate seems to be highly significant compared to cutting speed. Figure 5 shows the plot of MRR with respect to feed rate and depth of cut. It is seen that increase in the feed rate at any settings of cutting speed increases the MRR significantly. But it increases slightly with increase in depth of cut even at higher values of feed rate. It is also seen from the Figure 6 that the MRR exhibits more complex relationship with respect to the depth of cut and cutting speed. At the settings of the depth of cut at level 2 and cutting speed at level 3 exhibits better MRR. This shows that increasing depth of cut does not ensure increase in metal removal rate. The above phenomena is due to following facts: at higher cutting speeds more strain energy is available for the work-piece which leads to continuous and easy removal of the material thus producing higher MRR. But increase in depth of cut may cause tool chatter which reduces MRR. The higher feed rates promotes the axial movement of the cutting tool resulting in shifting of the cutting tool to new location at a faster rate thereby increasing MRR,but it creates rougher surface. Higher depth of cut creates higher thrust force on the cutting tool which push the tool radially outward. As a result the cutting tool will be released from the work-piece causing vibrations which results in decrease in MRR. 
Prediction of MRR at optimum settings
The expected MRR at optimum settings of the process parameters i.e., at A 3 B 3 C 3 is calculated as below. 
Conclusion
Following conclusions are drawn from the present experimental work. It is observed that the feed rate is most influential process parameters that influence MRR while turning of Aluminum 6061 followed by depth of cut and cutting speed. The combined effect of feed rate and cutting speed and feed rate and depth of cut indicate that the maximum values of these factors yield maximum MRR. On the other hand the combined effect of depth of cut and cutting speed shows that depth of cut obtained at level 2 and cutting speed at level 3 results in better MRR. This shows that depth of cut is not the significant factor in increasing MRR. The feed rate controls the MRR. 
